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Objective. This study sought o determine whether the recovery 
of regional and global left ventricular function is reduced in 
elderly patients despite successful thrombolytic therapy for acute 
myocardial infarction. Comparisons were made between elderly 
(>75 years old, n = 47) and adult (<75 years old, n = 434) 
patients enrolled in the Global Utilization of Streptoldnase and 
Tissue Plasminogen Activator for Occluded Coronary Arteries 
(GUSTO) angiographie trial who underwent catheterization at
90 min and 5 to 7 days after thrombolysis and who had an open 
infarct-related artery with Thrombolysis nMyocardial Infarction 
(TIMI) grade 2 to 3 flow at both times. 
Background. The morbidity and mortality of acute myocardial 
infarction is increased in elderly patients, presumably because of 
multiple adverse coexistent baseline variables. However, func- 
tional recovery after thrombolysis has not been characterized in
the elderly. 
Methods. Ejection fraction, end-systolic volume index, infarct 
and noninfarct zone contractile function (SD/chord) and infarct 
extent (number of chords) were determined. 
Results. At 90 rain, elderly patients with an open infarct-related 
artery had decreased infarct zone contractile function (-2.8 -+ 0.2 
vs. -2.3 -+ 0.1 SD/chord in adults, p < 0.05) and a greater extent 
of injury (26.0 -+ 2.6 vs. 20.7 -+ 0.8 chords in adults, p < 0.05). At 
5- to 7-day follow-up ventriculography, ejection fraction was 
reduced, and end-systolic volume index was significantly in- 
creased in elderly patients compared with adults. The severity of 
regional wall motion dysfunction in the infarct zone was also 
greater in the elderly than in adults at 5- to 7-day follow-up 
(-2.6 + 0.2 vs. -1.9 -+ 0.1 SD/chord, respectively, p < 0.005). 
Non-infarct zone contractile function at 90-min ventriculography 
was similar in both groups. Despite apatent infarct-related artery 
at 90-min, the 30-day mortality rate in the elderly remained 
elevated (17.8%) compared with that of adults (4%) (p < 0.0001). 
Elderly patients were predominantly female and had a higher 
prevalence ofhypertension, multivessel coronary disease, previous 
infarction, anterior infarctions and later time to treatment (be- 
tween 3 and 6 h) than adults. However, age >75 years remained 
an independent determinant bymultivariable regression analysis 
of 1-week postinfarction end-systolic volume index, regional left 
ventricular dysfunction (p = 0.02 and p < 0.008, respectively) and 
30-day mortality (p < 0.0001). 
Conclusions. Elderly patients had increased amage in the 
infarct zone and had persistently increased mortality despite 
sustained infarct-related artery patency after successful throm- 
bolysis. Although the causes are probably multifactorial, a more 
rapid progression of ischemic injury or a blunted postreperfusion 
recovery appears to contribute to the poorer outcomes in elderly 
patients. 
(J Am Coil Cardiol 1996;28:331-7) 
Age, after adjustment for other clinical variables, remains a 
significant risk factor for mortality in acute myocardial infarc- 
tion despite treatment with thrombolytic therapy (1-3). The 
cause of increased mortality in the elderly remains to be 
defined. Elderly patients (->75 years old) have an increased 
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incidence of multivessel coronary artery disease, prior myocar- 
dial infarction and other comorbid conditions compared with 
younger patients (3,4). However, the increased incidence of 
these comorbid conditions does not completely account for the 
excess mortality in the elderly (3,4). We wished to determine 
whether the elderly have an altered response to thrombolysis, 
with either reduced early coronary artery patency rates, in- 
creased reocclusion rates or decreased myocardial salvage 
despite successful and sustained thrombolysis, that could con- 
tribute to the age-related increase in mortality. The purpose of 
the present study was to examine the effect of age on regional 
and global eft ventricular function in the setting of reperfusion 
after acute myocardial infarction. Because age >75 years was 
often an exclusion criterion in previous tudies of thrombolytic 
therapy (5,6), there are few previous data regarding the success 
of thrombolysis and left ventricular function in elderly patients. 
©1996 by the American College of Cardiology 0735-1097/96/$15.00 
Published by Elsevier Science Inc. PII S0735-1097(96)00148-9 
332 LESNEFSKY ET AL. JACC Vol. 28, No. 2 
MYOCARDIAL DYSFUNCTION WITH AGE August 1996:331-7 
The Global Utilization of Streptokinase and Tissue Plasmino- 
gen Activator for Occluded Coronary Arteries (GUSTO) (7) 
angiographic trial data base offered the unique opportunity to 
investigate a possible mechanistic explanation for the excess 
mortality of elderly patients with acute myocardial infarction 
and possibly to define the age range at which this mechanism 
begins to exert its effect. 
Methods  
Study design. The GUSTO angiographic trial enrolled 
2,431 patients according to previously described entry criteria 
(7), including chest pain lasting <6 h and electrocardiographic 
(ECG) evidence of acute myocardial infarction (ST segment 
elevation). Patients were randomly assigned to one of four 
thrombolytic treatment regimens as previously described (7). 
Patients were randomized to one of four angiographic times: 
90 rain, 180 rain, 24 h, or 5 to 7 days following the start of 
thrombolytic therapy. Patients randomized to 90-rain angiog- 
raphy underwent repeat angiography at 5 to 7 days. Quantita- 
tive coronary angiography and left ventriculography were 
performed and analyzed as previously described (8-11). 
We determined whether thrombolytic drug-induced coro- 
nary artery patency and regional myocardial ischemic injury 
differed between elderly and adult patients. Patency of the 
infarct-related artery at 90 min (-+45 min) after thrombolytic 
drug administration was compared in elderly and adult pa- 
tients. In addition, to determine whether increased myocardial 
damage occurs in elderly patients despite successful thrombol- 
ysis, global and regional infarct zone function was analyzed in 
elderly and adult patients who had angiographically docu- 
mented patency in the infarct-related coronary artery at 90 min 
(_+45 rain) after thrombolysis and sustained patency at 5- to 
7-day follow-up angiography. Non-infarct zone function at 
90 min in elderly patients was compared with that in adults 
after stratification for infarct site. There were insufficient data 
available to analyze 5- to 7-day follow-up non-infarct zone 
function after stratification by infarct site. The independent 
effects of various clinical and angiographic variables on final 
global and regional left ventricular function were determined. 
Statistical analysis. Elderly patients were defined as pa- 
tients ->75 years old. Adult patients were those <75 years old. 
Comparisons of continuous data between groups were per- 
formed by unpaired Student t test (two-tailed). Comparisons of 
continuous data between multiple groups were done by one- 
way analysis of variance. Categoric data were analyzed by chi 
square. A p -< 0.05 was considered to indicate significance. 
Multiple linear regression analysis (12) was used to determine 
the independent effects of clinical and angiographic variables 
in the prediction of global and regional eft ventricular func- 
tion indexes. Demographic and angiographic factors that were 
considered to be possibly related to left ventricular functional 
outcomes were incorporated into the model, and the effect of 
age, expressed as a dichotomous variable (<75 or >-75 years), 
was determined in the presence of these factors. Independent 
variables, other than age, that were continuous and linearly 
Table 1. Baseline Clinical Variables for 2,431 Patients From the 
GUSTO Angiographic Trial 
Adults Elderly p Value 
Male 81 54 -< 0.0001 
Hypertension 34 50 -< 0.0001 
Diabetes 12 16 0.049 
l-Lx previous MI 13 18 0.028 
I-Ix PTCA 16.4 10.6 0.02 
Hx previous CABG 4.5 4.0 0.66 
Smoker 74 44 -< 0.001 
Hypercholesterolemia 36 22 -< 0.001 
CABG (in hospital) 10.3 7.2 0.10 
CHF 13 32 -< 0.001 
Shock 5.5 12.2 -< 0.001 
Reinfarction 3.6 6.8 0.009 
Recurrent ischemia 17.2 22.0 0.047 
Anterior infarction 52 63 <- 0.001 
Multivessel CAD 37 50 -< 0.0001 
Time to treatment (h) 2.8 (2, 3.8) 3.3 (2.3, 4.5) 
Body weight (kg) 79 (70, 90) 70 (62, 79) 
Data presented are median (25th, 75th percentiles) for continuous variables 
or percent of patients in each category. CABG = coronary artery bypass grafting; 
CAD = coronary artery disease; CHF = congestive heart failure; Hx = history 
of; MI = myocardial infarction; PTCA = percutaneous transluminal coronary 
angioplasty. 
related to left ventricular functional outcomes were entered 
into the model as continuous variables. Independent variables 
tested included gender, hypertension, diabetes, time from pain 
onset to treatment (hours), previous myocardial infarction 
history, smoking history, body weight, history of hypercholes- 
terolemia, site of infarct, multivessel disease and 90-rain 
Thrombolysis in Myocardial Infarction (TIMI) flow grade. 
Multiple logistic regression analysis (13) was used to determine 
the independent contribution of clinical and angiographic 
variables to 30-day mortality. The relative odds ratios and 95% 
confidence intervals for study outcomes in elderly and adult 
patients were determined. Patients who underwent angioplasty 
between the 90-rain and 5- to 7-day angiogram were excluded 
from analysis. 
Resul ts  
Patient population. The GUSTO angiographic trial en- 
rolled 2,431 patients. Elderly patients accounted for 11.5% 
(n = 279) of the study population, and adult patients 88.5% 
(n = 2,152). The mean age (-SD) of the population defined as 
elderly (->75 years) was 79 -+ 3.2 years and that for adults was 
58 -+ 10.3 years. The elderly patients differed from adult 
patients in several important clinical respects: A greater pro- 
portion were female, and the incidence of hypertension, dia- 
betes, multivessel coronary artery disease and previous myo- 
cardial infarction as well as reinfarction and congestive heart 
failure was greater than that in adult patients (Table 1). 
Elderly patients also had a greater proportion of left anterior 
descending coronary artery infarctions and were more likely to 
be treated with thrombolytic therapy >3 h after onset of pain 
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Table 2. Early (90-min) Patency in 1,075 Adult and 
Elderly Patients* 
Age 
(yr) TIMI 0 or 1 TIMI 2 TIMI 3 
<75 34 (319) 28 (269) 38 (362) 
->75 28 (35) 35 (44) 37 (46) 
*Chi-square = 0.28, p = 0.59. Data presented are percent (number) of 
patients. TIMI = Thrombolysis in Myocardial Infarction flow grade. 
(Table 1). Differences in baseline clinical variables between 
elderly and adult patients who exhibited infarct-related artery 
patency (TIMI grade 2 or 3 flow) at 90-rain and at 5- to 7-day 
angiography were similar to those found in the entire trial 
population. Similar proportions of elderly and adult patients 
were randomized to each treatment group: tissue-type plas- 
minogen activator (t-PA) plus intravenous heparin, 27% versus 
25%; streptokinase plus heparin (intravenous and subcutane- 
ous regimens combined), 47% versus 50%; t-PA plus strep- 
tokinase plus intravenous heparin, 26% versus 25%; elderly 
versus adult, respectively (all p > 0.05). 
Seven hundred twenty-one patients had angiographically 
confirmed patency (TIMI grade 2 or 3 flow) at 90 min after 
thrombolytic therapy. This included 90 elderly and 631 adult 
patients. Follow-up 5- to 7-day angiography rates were 52% 
(n = 47 of 90) and 69% (n = 434 of 631) (chi-square 9.7, p -< 
0.001) for elderly and adult patients, respectively. The 240 
patients (43 elderly, 197 adults) lost to angiographic follow-up 
were accounted for as follows: 11 (25.6%) of 43 elderly and 16 
(8.1%) of 197 adults died before 5- to 7-day follow-up angiog- 
raphy (p -< 0.001). Twenty-two elderly patients did not have 5- 
to 7-day follow-up angiography because of physician or patient 
preference, orhad follow-up angiography before the prespeci- 
fled 5- to 7-day follow-up period. One hundred eighteen adult 
patients did not have follow-up angiography for the same 
reasons. Two of 90 elderly and 37 of 594 adult patients had 
angioplasty before 5- to 7-day follow-up (odds ratio [OR] 0.36, 
95% confidence interval [CI] 0.04 to 1.15, p = 0.20). Eight 
elderly and 26 adult patients had a reoccluded infarct-related 
artery before follow-up or had inadequate follow-up films for 
TIMI flow grade determination. 
Patency and collateral circulation. The patency rate (TIMI 
grade 2 plus 3 flow) of the infarct-related artery 90 min after 
thrombolytic therapy was similar in elderly and adult patients 
(73.8% versus 66.4%, respectively, p = 0.21). The proportion 
of patients with either TIMI grade 2 or 3 flow in the infarct- 
related artery was also similar (Table 2). Reocclusion of the 
infarct artery was infrequent in the GUSTO angiographic trial, 
occurring in only 5.9% of patients (12). Reocclusion was more 
common in elderly (7 [11.7%] of 60) than in adult patients (26 
[5.1%] of 506) (OR 2.4, 95% CI 1.01 to 5.9). 
Visible collateral f ow (grades 1 to 3) was present in 29.4% 
of elderly patients with occluded (TIMI grade 0 or 1 flow) 
infarct-related arteries versus 32.3% of adults at 90-min an- 
giography (OR 0.96, 95% CI 0.45 to 2.03). Among patients 
with patent (TIMI grade 2 or 3 flow) infarct-related arteries, 
Table 3. Global and Regional Left Ventricular Function After 
Thrombolysis by Age Decile 
Age ESVI No. of 
(yr) EF (%) (ml/m 2) Chords SO/Chord 
90-rain Vetriculography 
35-44 59.4 + 1.5 29.1 -+ 1.7 22.1 _+ 1.9 -2.4 -- 0.2 
(61) (53) (61) (61) 
45-54 60.1 + 1.3 27.5 ± 1.3 21.6 -- 1.7 -2.3 ± 0.1 
(107) (94) (107) (107) 
55-64 61.7 + 1.1 26.0 + 1.2 18.5 -+ 1.4 -2.2 -+ 0.1 
(133) (115) (131) (132) 
65-74 59.8 -+ 1.4 25.8 + 1.4 21.7 -+ 1.7 -2.4 ± 0.1 
(106) (86) (105) (105) 
->75 57.5 ± 2.5 29.7 -+ 3.4 25.9 _+ 2.3 -2.8 _+ 0.2 
(46) (39) (46) (45) 
5-7-Day Ventriculography 
35-44 61.0 + 1.6 27.9 -+ 1.6 15.7 _+ 2.0 -2.1 _+ 0.2 
(61) (53) (60) (61) 
45-54 60.0 + 1.3 26.7 2 1.2" 17.4 ± 1.6 - l .8  -- 0.1" 
(105) (89) (102) (105) 
55-64 60.4 + 1.2 27.3 + 1.2' 16.3 ± 1.5 - l .8  _+ 0.1' 
(127) (109) (124) (125) 
65-74 58.3 + 1.5 27.4 - 1.6 17.0 _+ 1.7 -2.0 _+ 0.1 
(106) (87) (105) (105) 
->75 54.0 ± 2.3 34.8 + 3.0 21.7 -+ 3.0 -2.6 ± 0.2 
(43) (35) (41) (42) 
*p -< 0.05 versus age ->75 years. Data presented are mean value -+ SEM 
(number of patients). EF = ejection fraction; ESVI - end-systolic volume index. 
visible collateral flow was present in 6.7% of the elderly and 
6.5% of the adults (OR 1.02, 95% CI 0.42 to 2.50) at 90 rain 
after thrombolysis. 
Left ventricular function. Indexes of global and regional 
left ventricular function at 90 min and 5 to 7 days after 
thrombolysis are shown in Table 3 according to age decile for 
patients with a patent infarct-related artery at both times who 
had ventriculograms adequate for analysis. At 90-min ventricu- 
lography, the elderly tend to have a lower ejection fraction and 
greater end-systolic volume index relative to other age deciles. 
The elderly also demonstrate a trend toward a greater degree 
of regional wall motion dysfunction (SD/chord) and a greater 
extent (number of chords) of regional dysfunction related to 
other age deciles. One week after thrombolysis, elderly pa- 
tients do have a statistically greater degree of regional eft 
ventricular dysfunction (SD/chord) and a greater index of 
systolic dysfunction (end-systolic volume index) than several 
age deciles of adult patients. Because there are no significant 
differences among patients in age deciles <75 years of age in 
any index of ventricular function, patients ranging in age from 
35 to 74 years were combined for comparison with elderly 
patients. The results are shown in Table 4. Ninety minutes 
after successful thrombolysis, the elderly have a significantly 
greater degree (SD/chord) of left ventricular dysfunction than 
the adult population. The extent of left ventricular dysfunction 
(number of chords) is also marginally greater than that in 
adults (p = 0.05). One week after thrombolysis, the elderly 
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Table 4. Global and Regional Left Ventricular Function 90 Minutes 
and 5 to 7 Days After Thrombolysis in Adult and Elderly Patients 
With a Patent Infarct-Related Artery* 
Age ESVI No. of 
(yr) EF (%) (ml/m 2) Chords SD/Chord 
90-min Ventrieulography 
<75 60.4 +_ 0.6 26.8 + 0.7 20.7 _+ 0.8 -2.3 -+ 0.1 
(407) (348) (404) (405) 
->75 57.5 + 2.4 29.8 + 0.7 26.0 _+ 2.61" -2.8 -+ 0.21 
(46) (39) (46) (45) 
5-7-Day Ventriculography 
<75 60.0 _+ 0.7 27.3 _+ 0.7 16.7 _+ 0.8 -1.9 _+ 0.1 
(399) (338) (391) (396) 
->75 54.0 + 2.35 35.0 4 3.05 21.7 _+ 3.0 -2.6 _+ 0.2§ 
(43) (35) (41) (42) 
Non-Infarct Zone Contractile Function at 90-rain Ventriculography 
by Infarct Sitell 
Age Anterior MI Inferior MI 
(yr) (SD/chord) (SD/chord) 
<75 1.1 + [I.1 1.7 _+ 0.1 
(356) (787) 
->75 0.7 ± 0.2 1.6 _+ 0.2 
(56) (109) 
*Thrombolysis inMyocardial Infarction (T1MI) flow grade 2 or 3.1"p < 0.05. 
:~p <- 0.01. §p -< 0.005. I]Includes all patients, regardless of TIMI flow grade, with 
ventriculogram adequate for analysis. Data presented are mean value +_ SEM 
(number of patients). Abbreviations as in Table 3. 
continue to have a markedly greater degree of regional left 
ventricular dysfunction in the infarct zone and now demon- 
strate a greater degree of global systolic dysfunction. The 
extent of infarction (number of chords), however, 1 week 
following thrombolysis i  no longer significantly different in the 
elderly from that in adults (p = 0.07). A compensatory increase 
in contractile function in the non-infarct zone of the left 
ventricle at 90-min ventriculography was similar in adult and 
elderly patients (Table 4). 
Adult and elderly patients differed with respect to multiple 
demographic variables that may affect global or regional left 
ventricular function. Therefore, the independent effect that 
each of these variables contributed to 5- to 7-day postinfarction 
global and regional left ventricular function was examined by 
multivariate analysis with age introduced into the model as a 
dichotomous variable (-<75 years, ->75 years) (Table 5). His- 
tory of prior myocardial infarction, anterior myocardial infarc- 
tion, 90-rain TIMI flow grade and multivessel coronary artery 
disease were independent predictors of global ejection frac- 
tion. Age ->75 years was a predictor of 5- to 7-day follow-up 
end-systolic voluem index. Age ~75 years and 90-rain TIMI 
flow grade were powerful independent determinants of the 
severity of regional contractile (SD/chord) dysfunction in the 
infarct zone 5 to 7 days after thrombolysis. Age did not have an 
independent effect on the extent (number of chords) of 
regional left ventricular dysfunction 5 to 7 days following 
infarction, where the significant independent determinants 
Table 5. Multivariate Linear Regression Analysis: Effect of Clinical 
and Angiographic Variables on 5- to 7-Day Postinfarction Left 
Ventricular Function in 780 Patients 
Independent Regression 
Variable Coefficient p Value 
EF 
Previous MI -6.6 -< 0.0001 
Anterior MI -6.3 -< 0.0001 
TIMI flow grade (90 rain) 1.4 0.0003 
Multivessel CAD 2.7 0.001 
ESVI 
Age (<75 yr, ->75 yr) 4.2 0.02 
Previous MI 8.9 -< 0.0001 
Anterior MI 5.1 -< 0,0001 
TIMI flow grade (90 min) -1.7 0.0009 
No. of chords 
TIMI flow -2.4 -< 0.0001 
Anterior MI 13.3 -< 0.0001 
SD/chord (MI zone) 
Age (<75 yr, ->75 yr) -0.4 0.008 
TIMI flow grade (90 rain) -[I.2 -< 0.0001 
Abbreviations as in Tables 1 and 3. 
were left anterior descending artery-related infarction and 
90-rain TIM! flow grade. When a similar multivariate analysis 
was performed with age entered into the model as a continu- 
ous variable, there was no independent effect of age on the 
severity of the final infarct zone dysfunction (SD/chord) or 
global ventricular function 1 week after infarction. 
Age was not an independent determinant of non-infarct 
zone contractile function at 90-rain ventriculography (Table 6). 
However, history of a previous myocardial infarction and the 
presence of multivessel coronary artery disease were significant 
independent determinants of compensatory non-infarct zone 
contractile function. The TIMI flow grade was a weak predic- 
tor of non-infarct zone contractile function in the setting of 
anterior infarction. 
Mortality. The probability of 30-day mortality is plotted as 
a function of age in Figure 1. The regression line suggests that 
30-day mortality begins to increase at -60 years of age and 
Table 6. Multivariate Linear Regression Analysis: Independent 
Determinants of Non-Infarct Zone Contractile Function at 
90-Minute Ventriculography 
Independent Regression 
Variable* Coefficient p Value 
Anterior MI (n = 408) 
Previous MI - 1.5 0.0001 
Multivessel disease -0.5 0.007 
TIMI flow grade 0.17 0.02 
Inferior MI (n = 606) 
Previous MI -0.64 0.0007 
Multivessel disease -0.29 0.03 
*Independent variables tested were age, gender, hypertension, diabetes, time 
to treatment, history of myocardial infarction, multivessel disease and TIMI flow 
grade (90 min). Abbreviations as in Tables I and 2. 
JACC Vol. 28, No. 2 LESNEFSKY ET AL. 335 
August 1996:331-7 MYOCARDIAL DYSFUNCTION WITH AGE 
0.6 
• " o.5 
.e o.4 
eL 
-~ 0.3 
e 0.2 
0.1 
0 
20 
n2 = 
' ' 80 40 60 100 
Age (yrs) 
Figure 1. Logistic regression analysis of unadjusted 30-day mortality 
probability as a function of age (chi-square 111, p -< 0.0001) in 2,431 
patients. Outer lines = 95% confidence limits. 
increases markedly again between 70 and 75 years of age. In 
the 2,431 patients enrolled in the GUSTO angiographic trial, 
the unadjusted 30-day mortality rate in the elderly was 22.2% 
versus 4.6% in adults (relative risk [RR] 5.9%, 95% CI 4.1 to 
8.3, p -< 0.0001). Elderly patients with an occluded (TIMI 
grade 0 or 1 flow) infarct-related artery at 90 rain following 
thrombolysis experienced a 32.4% 30-day mortality rate com- 
pared with 6.1% in adults (RR 7.4, 95% CI 3.2 to 16.7, p -< 
0.0001). The mortality rate in elderly patients with TIMI grade 
2 flow at 90-min angiography was 18.2% compared with 5.6% 
in adults (RR 3.8, 95% CI 1.35 to 10.1, p < 0.01). Elderly 
patients with TIMI grade 3 flow at 90-min angiography had an 
18% mortality rate compared with 2.5% in adults (RR 8.3, 
95% CI 2.7 to 25.1, p < 0.0001). 
Figure 2 displays the odds ratio and 95% confidence limits 
for mortality in the elderly versus the adult patients after 
adjustment for clinical and angiographic variables by multivar- 
iate analysis. The unadjusted odds ratio for mortality (elderly 
vs. adults) is highly significant (p -< 0.0001). Despite adjust- 
ment for clinical and angiographic variables, age ->75 years 
(p -< 0.0001) remained apowerful predictor of 30-day mortal- 
ity. 
Mortality in elderly patients with a patent infarct-related 
artery at 90 rain that subsequently reoccluded was 28.6% 
versus 7.7% for adults. There were an insufficient number of 
reocclusions to determine whether this difference was statisti- 
cally significant. 
Discuss ion  
Mortality remained increased in patients ->75 years old 
("elderly") at all grades of TIMI flow after the administration 
of a thrombolytic regimen. Successful reperfusion with the 
restoration of TIMI grade 2 or 3 flow 90 min after administra- 
tion of a thrombolytic agent reduced mortality in both adult 
and elderly patients compared with unsuccessful thrombolysis. 
Even with achievement of TIMI grade 3 flow, however, the 
elderly still had markedly reduced survival relative to younger 
patients. Compared with adult patients, the elderly had a 
reduction in regional left ventricular contractile function in the 
infarct zone at 90 min despite successful thrombolysis, as well 
as a larger area of dysfunction based on regional analysis of left 
ventricular systolic function. The greater severity of regional 
ventricular dysfunction persisted in the elderly compared with 
adults 1 week after thrombolysis, but the number of dysfunc- 
tional chords was similar in elderly and adult patients at 5- to 
7-day follow-up. 
Age ->75 years was an independent predictor by multivar- 
iate analysis of the final global and regional eft ventricular 
systolic function 1 week after infarction. The effect of age on 
final regional left ventricular regional function (SD/chord) was 
not progressive with increasing age; rather, the effects of aging 
became statistically significant in those ->75 years old. Despite 
successful thrombolytic therapy with sustained patency of the 
infarct-related artery, regional myocardial function in the 
infarct zone failed to improve in elderly patients to the degree 
Figure 2. Multivariate analysis: effect of age 
->75 years on mortality after adjustment for 
clinical and angiographic variables. The rel- 
ative odds ratio for mortality and 95% con- 
fidence limits are plotted for patients ->75 
years of age versus those <75 years. An 
odds ratio >1 denotes greater isk in the 
elderly; DM = diabetes; htn = hyperten- 
sion; MI = myocardial infarction; TIMI = 
Thrombolysis n Myocardial Infarction. 
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seen in adults. Of note, the age at which more severe postin- 
farction regional dysfunction is manifest (i.e., ->75 years of 
age) parallels the age at which the mortality rate increases 
dramatically. 
The increased mortality and decreased functional recovery 
persist in the elderly despite correction for comorbid condi- 
tions. The mortality of acute myocardial infarction in elderly 
patients is increased whether "elderly" was defined as >65 (4), 
70 (14) or 75 years old (2,15). Survival was reduced both at 30 
days and at 1 year after acute myocardial infarction. The 
increase in mortality has been ascribed to a greater incidence 
of adverse cardiac and noncardiac onditions in the elderly. 
The elderly are also more likely to have painless and otherwise 
atypical presentations of infarction that contribute to a delay in 
recognition and treatment (16). The elderly are less likely to 
receive treatment that reduces infarct-related mortality, in- 
cluding thrombolytic agents and beta-blockers (2,14,15). In 
contrast to many other elderly patients (age ->75 years) with an 
acute infarction (15,16), the patients in the current study 
received thrombolytic therapy. Nonetheless, in the GUSTO 
trial, age remained an independent risk factor for mortality by 
multivariate analysis, suggesting that the increased mortality 
noted with age cannot be attributed to comorbid conditions 
alone (17). 
Cardiac and noncardiac omorbid conditions, however, 
could have contributed to the increased myocardial dysfunc- 
tion observed in the current study. The elderly population in 
the current study reflects the demographic patterns previously 
described for this group, including an increased number of 
women, prior infarctions, multivessel coronary disease and 
slightly longer time to treatment (2,14-16). However, despite 
the consideration of these clinical and angiographic variables, 
age >75 years remained a significant independent predictor of 
the severity of regional infarct zone dysfunction 1week after 
thrombolytic administration. Thus, factors other than age did 
not entirely explain the increased infarct zone dysfunction at 
90 rain and the reduced functional recovery of the infarct zone 
at 5 to 7 days. 
The elderly experienced a greater number of infarct-related 
artery reocclusions during the first week after thrombolysis. 
Reocclusion after thrombolysis a particularly lethal event 
(18) and may contribute to the overall mortality difference 
noted between elderly and adult patients. The mechanism for 
the excess number of reocclusions in the elderly remains 
unclear and deserves further investigation. Increased reocclu- 
sion, however, does not explain the increased mortality ob- 
served in elderly patients in whom patency was maintained. 
Aging, itself, appears to confer an increased susceptibility o
myocardial injury. Aging alters both the heart and the vascular 
system in a manner that could predispose to increased injury 
during ischemia or reperfusion (19,20). Studies of myocardial 
ischemia in animal models suggest hat the elderly heart is 
intrinsically more susceptible to damage during ischemia nd 
reperfusion (21-23). The increased injury may be caused by a 
greater susceptibility to calcium-mediated (23,24) or oxidative 
(25) damage. 
Consistent with an increased susceptibility of the elderly 
heart to ischemic damage, thrombolytic therapy confers a 
greater absolute reduction in mortality in the elderly relative to 
adults (1,26,27). Although thrombolysis of great potential 
benefit in the elderly patient when measured as lives saved per 
thousand patients treated, the favorable risk reduction is 
related more to the high mortality of acute infarction in this 
age group than to a large reduction in absolute mortality rate. 
The current study did find a reduction in mortality in the 
elderly after successful thrombolysis, but the mortality in 
elderly patients with TIMI grade 3 flow at 90 rain after 
thrombolytic administration remained dramatically elevated 
compared with that in adults. Concomitant with the increased 
mortality, contractile dysfunction i  the infarct zone assessed 
by left ventriculography was greater despite angiographically 
documented successful thrombolysis. In addition, an index of 
global eft ventricular function (end-systolic volume index) was 
significantly increased in the elderly 1 week after successful 
thrombolysis. The relation between increasing age and mortal- 
ity is inversely related to that between age and left ventricular 
function 5 to 7 days following thrombolysis. The mortality rate 
increases at age 60 and again between ages 70 and 75, as shown 
in Figure 1. 
A more pronounced left ventricular esponse to ischemic 
injury appears to begin in the 65 to 74 years of age decile and 
is most pronounced in those patients ->75 years old, as shown 
in Tables 3 and 4. Despite preexisting cardiac disease and more 
extensive coronary disease in the elderly group, these and 
other demographic factors do not fully account for the greater 
impairment in infarct zone function in the elderly (Fig. 2). The 
potential mechanisms ofthe impairment in regional contractile 
function in the infarct zone in the aging heart include greater 
damage during ischemia or reperfusion, greater or more 
prolonged postischemic contractile dysfunction ("stunning") 
or an altered response to postinfarct remodeling. The persis- 
tent impairment in regional eft ventricular function despite 
successful thrombolysis n the elderly should be considered a 
contributing cause of the increased mortality after infarction. 
In addition, because of the persistently elevated risk despite 
the successful se of thrombolytic agents, the elderly represent 
a population in which to consider and evaluate the use of 
additional adjunctive therapies aimed at limiting ischemic 
myocardial injury. 
Study limitations. The present analysis has several limita- 
tions inherent in subgroup analysis: 1) The study examined the 
secondary hypothesis that age ->75 years influences regional 
left ventricular function in response to ischcmia and reperfu- 
sion using the data base of the GUSTO angiographic trial in 
which patients were enrolled to determine the effectiveness of 
various thrombolytic regimens with regard to patency and left 
ventricular function. The adult and elderly groups were there- 
fore of greatly different sizes. It is therefore possible that the 
failure in some instances to detect differences between groups, 
especially the different age deciles, may result from a lack of 
sufficient statistical power. However, the sample size in the 
current study represents he largest data base available for this 
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type of analysis. Ninety-five percent confidence limits were 
provided where appropriate to provide an estimate of the 
possible true range of differences between the elderly and adult 
population. 2) The 5- to 7-day follow-up angiography rate was 
significantly different in the elderly compared with adults. Less 
frequent follow-up angiography in the elderly, however, was 
largely the result of the increased mortality in this group. It is 
unlikely these limitations bias the ventriculographic results in 
favor of the adult population; rather, they support our conclu- 
sion that the elderly experience greater left ventricular dys- 
function in response to injury. The differences present between 
adult and elderly patients at follow-up ventriculography are 
maintained if available ventriculography data obtained at the 
time of angioplasty are included in the follow-up data. The 
subjects enrolled in the GUSTO angiographic trial were 
selected according to prespecified criteria, and thus, results of 
this analysis may not be applicable to the overall population of 
patients with an acute infarction. 
Conclusions. Elderly patients admitted to the hospital for 
acute myocardial infarction have a greater number of adverse 
clinical risk factors for mortality than the nonelderly. There is 
no difference in early infarct-related artery patency rates in 
response to thrombolysis between elderly and adult patients. 
Reocclusion of the infarct-related artery, however, is more 
frequent in the elderly group. The severity of regional left 
ventricular dysfunction is greater early in the course of acute 
myocardial infarction in the elderly than in adults, and this 
difference is maintained at follow-up despite early and sus- 
tained patency of the infarct-related artery. Age is an indepen- 
dent predictor of final end-systolic volume index and regional 
ventricular function after thrombolytic administration. 
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